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Abstract The measurement of charmonium suppression in
relativistic heavy ion collisions is posited to be an unam-
biguous probe of the properties of the strongly interacting
quark gluon plasma (sQGP). In hot and dense QCD mat-
ter Debye color screening prevents charm and anti-charm
quark pairs from forming J/ψ mesons if the screening ra-
dius is smaller than the binding radius. However, one must
have a clear understanding of the expected suppression in
normal density QCD matter before interpreting any addi-
tional anomalous suppression. The PHENIX experiment has
measured J/ψ production from colliding proton + proton
and deuteron + gold beams at 200 GeV from the relativistic
heavy ion collider (RHIC). The deuteron + gold data can be
compared to the proton + proton baseline in order to estab-
lish the typical suppression in cold nuclear matter (CNM).
For PHENIX, a suppression of J/ψ in cold nuclear matter
is observed as one goes forward in rapidity (in the deuteron-
going direction), corresponding to a region more sensitive to
initial state low-x gluons in the gold nucleus. These results
can be convoluted with the nuclear-environment-modified
parton distribution functions, extracted from deep inelastic
scattering (DIS) and Drell-Yan (DY) data, in order to esti-
mate the J/ψ break up cross section in cold nuclear matter.
One can also use a data driven method that does not rely on
the assumption of the production mechanism, or PDF para-
meterization, to extrapolate to the heavy ion collision case.
At this time both the predictions for CNM effect suppression
in heavy ion collisions are somewhat ambiguous. Future re-
sults using the data acquired by the PHENIX experiment in
run-6 (p + p) and run-8 (d + Au) will be vital for our un-
derstanding. These data, which are in the process of being
analyzed, will provide a needed improvement in the statisti-
cal and systematic precision of constraints for CNM effects.
These constraints must be improved in order to make firm
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conclusions concerning additional hot nuclear matter char-
monium suppression in the sQGP.
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1 Why the J/ψ?
The heavy nature of charmonium (cc¯) allows one to apply
potential models in non-relativistic quantum mechanics to
calculate the mesons binding radius. Originally it was pre-
dicted that the modification of the heavy quark pairs poten-
tial in the hot dense matter created in heavy ion collisions
would cause the pair to become uncorrelated due to color
charge screening. This modification of the pair potential via
a Debye mass term leads to charmonium suppression [1]
when compared to a binary collision scaled proton-proton
(p + p) reference. Due to the different binding energies for
the different charmonium states one could gain access to
the temperature of the medium. At RHIC the suppression
of the lowest energy charmonium state, the J/ψ meson, has
been measured in gold-gold (Au + Au) and copper-copper
(Cu-Cu) collisions in √sNN = 200 GeV collisions.
In order to interpret these data one must remove any
effects that occur in normal density cold nuclear matter
(CNM). One such effect is the modification of parton dis-
tribution functions in a nuclear environment [2, 3]. An-
other is Cronin enhancement that leads to a hardening of
the transverse momentum spectrum of collision products
due to multiple scattering. To this end the PHENIX exper-
iment has also measured the nuclear modification present
in deuteron + gold (d + Au) collisions in √s = 200 GeV
collision. The d + Au data is used to extrapolate within a
Glauber [4] based data driven model to the Au + Au colli-
sion case to predict the suppression that would result from
CNM effects and search for an anomalous suppression of
J/ψ mesons in the sQGP.
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2 Nuclear modification factor
In order to calculate the nuclear modification factor RdAu
the invariant yield of J/ψ mesons from d + Au and p + p
collisions must be measured. Equation (2.1) shows the nu-
clear modification as a function of rapidity (y) in a given
centrality bin (i) which defines the number of binary col-
lisions (Ncolli ). To ensure that the nuclear modification fac-
tor is self-consistent the numerator and denominator should
be calculated by applying the same analysis cuts and tech-
niques






Recently PHENIX published a new analysis of the 2003
RHIC d + Au data with some improvements [5]. In partic-
ular a new p + p reference was used from the RHIC 2005
run. This new baseline has an order of magnitude improve-
ment in statistics over the previous measurement and is also
used as a reference for the Au + Au [6] and Cu + Cu [7]
nuclear suppression factors in the data driven extrapolation
comparison.
It was also necessary to re-analyze the run-3 d + Au data
to ensure that a consistent analysis methodology was applied
to both data sets. This re-analysis had the added advantage of
two years worth of improvements in the data reconstruction
software, signal extraction techniques and understanding of
the detector over the previous analysis [8]. The nuclear mod-
ification factors from this work are shown as a function of
rapidity in Fig. 2.1 and versus centrality in Fig. 2.2.
Fig. 2.1 RdAu versus rapidity for minimum bias collisions. The error
bars represent the point to point uncorrelated error. The boxes are the
point to point correlated error and the global error is indicated in the
figure
Fig. 2.2 RdAu versus centrality in three rapidity bins. The error bars
represent the point to point uncorrelated error. The boxes are the point
to point correlated error and the global error is indicated in the figure
3 Comparison to shadowing parameterizations
One obvious, but very model dependant, approach to inter-
preting the CNM effects seen in the d + Au data relies on
nuclear PDF (nPDF) parameterizations. In this approach the
J/ψ rapidity and transverse momentum can be related to the
momentum fraction of the parton participating in the hard
scattering. Using a given nuclear PDF parameterization one
can then calculate a nuclear modification factor as a func-
tion of rapidity. While the shadowing and anti-shadowing
features of nPDFs describe the shape of the data a free pa-
rameter termed the “breakup” cross section is employed to
account for the overall magnitude of the modification. This
parameter is interpreted as the breakup of a correlated cc¯
pair while it traverses the remnant of the nucleus. This ap-
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Fig. 3.1 (Color online) PHENIX RdAu measurement compared to pre-
dictions from EPS08 using the intrinsic rapidity (y) to momentum frac-
tion (x) relation (by R. Vogt [9])
proach requires many assumptions, for instance the map-
ping of the rapidity to parton momentum fraction depends
heavily on the assumption of a given production model. In
Fig. 3.1 ([9]) the PHENIX measurement is compared to a
recent nPDF parameterization [10] using three possible val-
ues for the breakup cross section. It is clear from the figure
that the parameterization has more anti-shadowing than the
data would allow.
One might believe that the amount of nuclear modifica-
tion for a PDF should have a dependence on the transverse
position in the nucleus. However, one cannot tag the impact
parameter in DIS or DY, which are the experimental tech-
niques used to extract these nuclear modified PDFs. There-
fore a Glauber [4] based parameterization can be employed
in order to include a centrality dependence [11, 12]. In this
approach one parameterizes the amount of shadowing as
a function of the impact parameter using the local density
within the nucleus. The result is a prediction for CNM sup-
pression as a function of rapidity and centrality. Of course
in this case as in the minimum bias case one also has the op-
tion to include a free parameter for the correlated cc¯ breakup
cross section.
4 Data driven method
Though there is a certain comfort in using models based on
measurements to understand the CNM they suffer from un-
known uncertainties that are difficult to gauge. It is perhaps
better to employ an approach that does not rely on model
assumptions. In this approach, termed “data driven”, para-
meterizations for PDFs and a break up cross section are not
used to predict the observed CNM effects. Rather one uses
the data itself to parameterize a suppression factor in three
rapidity ranges and as a function of impact parameter. Here
the impact parameter for the d + Au collision is measured
by the signal in the beam-beam counter in the gold going
direction through a full simulation of this detectors response
for the signal based on four different centrality classes from
a Glauber Monte Carlo [5].
Using the consistently analyzed run-3 d + Au with run-5
p + p baseline one can extract centrality dependant absorp-
tion functions in three rapidity ranges as described in [13].
These suppressions factors can be used to describe the ex-
pected Au + Au CNM suppression as an average of the con-






(RdAu(−y, bi1) × RdAu(+y, bi2)). (4.1)
In Fig. 4.1 we show the extrapolation using the data
driven method for CNM effects expected in Au + Au col-
lisions at
√
s = 200 GeV [6]. One can see in the top panel
of the figure that the mid rapidity suppression is consistent
within the uncertainty band with the amount expected from
CNM effects alone. For the forward rapidity the data are not
significantly different from the uncertainty band though it is
clear that for the most central collisions the difference in-
creases and the data are less consistent then the mid rapidity
case. In experimental physics a “discovery” measurement is
often quoted at the five sigma level, while this definition may
be a bit drastic in this case, the significance of the deviation
at forward rapidity for the most central collisions is less than
two sigma. Unambiguous evidence for anomalous J/ψ sup-
pression requires more work to reduce the uncertainty band
in the projection.
5 Future measurements
The current extrapolation of CNM to heavy ion collisions
does not allow one to make an overwhelming case for anom-
alous suppression. At forward rapidity in the Au + Au data
the measured nuclear modification is near the lower limit of
the uncertainty band, however within the uncertainties there
is not a statistically significant signal. It is clear that the sta-
tistical and systematic errors on the d + Au nuclear modifi-
cation factor need to be improved.
During the 2008 RHIC d + Au run PHENIX recorded a
factor of 30 more statistics compared to 2.4 nb−1 collected
in 2003. In addition to the new d + Au measurement a new
p + p reference set is also available from 2006 that has a
factor of three increase over the 2005 p + p baseline. Us-
ing these two new data sets the PHENIX collaboration will
extract a more precise prediction for J/ψ CNM effects in
heavy ion collisions. In particular, our current analysis work
focuses heavily on reducing the systematic errors resulting
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Fig. 4.1 (Color online) RAuAu versus centrality for mid (bottom panel)
and forward rapidity (top panel), the yellow band represents the uncer-
tainty band for the extrapolation of CNM from RdAu using a phenom-
enological fit coupled to a Glauber geometric model
from the understanding of the PHENIX detector. These im-
provements, in addition to the reduction in statistical un-
certainties and the systematic associated with extracting the
J/ψ signal when one has low counts will result in a reduced
uncertainty band in the near future.
6 Conclusion
It is not yet clear whether normal density nuclear matter ef-
fects can account for the J/ψ suppression seen in heavy ion
collisions at RHIC. However it is clear that one has to take
care when relying on models to predict the amount of mod-
ification resulting from CNM effects. For instance the ap-
plicability of nuclear shadowing models to d + Au collision
rapidity distributions is only valid if the production model is
the so called “intrinsic” mechanism. Recently other mech-
anisms have been shown to predict for instance the J/ψ
production cross section at the Tevatron with better accu-
racy [14, 15]. These “extrinsic” mechanisms provide one
with a very different relationship between the parton mo-
mentum fraction x and the J/ψ rapidity (y) distribution.
Another concern is that the Glauber based geometric mod-
els that allow one to convolute the nPDFs and centrality de-
pendence could be the wrong approach. In contrast to model
based predictions one can also apply a data driven technique
to make an extrapolation to heavy ion collisions. Within the
uncertainty bands propagated to the prediction in heavy ion
collisions it is not clear that there is any significant suppres-
sion beyond that expected from CNM effects. It is clear that
the study of cold nuclear matter effects at PHENIX as a pre-
dictor for anomalous J/ψ suppression has become very im-
portant. The future thrust of this measurement is to reduce
the systematic and statistical errors on the d + Au nuclear
modification factor using the large run-8 d + Au and run-6
p + p data sets. Reducing the systematics requires improv-
ing our understanding of the acceptance and efficiency of the
detector. This is the main thrust of our current work and we
plan to have the new data available soon, which should have
smaller uncertainty bands in the heavy ion extrapolations of
CNM effects.
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